In two separate studies female alcoholics performed significantly poorer on neuropsychological tests than nonalcoholic controls. The pattern of deficit was consistent across studies and similar to that reported for male alcoholics: intact verbal skills but impaired nonverbal abstracting, visual-spatial, and problemsolving abilities.
More than 30 years of neuropsychological testing of male alcoholics has demonstrated a pattern of alcoholism-related deficits characterized by intact verbal abilities but impaired performance on tests of abstracting, problem solving, and visualspatial functioning (Tarter, 1975) . Until recently, there has been no investigation of neuropsychological functioning in women alcoholics, although the existence of sex differences in alcoholism histories and drinking patterns (Beckman, 1975) and in cognitive abilities of normal and brain-damaged adults (Maccoby & Jacklin, 1974; McGlone, 1978) suggest that results of all-male research may not generalize to the female alcoholic.
In the first comprehensive look at neuropsychological functioning of women alcoholics, Silberstein and Parsons (1980) found an alcoholismrelated impairment pattern similar to that found in men, but with some important differences. No alcoholism effect was detected on the verbal measures; however, of 13 nonverbal measures that typically have shown deficits in male alcoholics, the women alcoholics were impaired on only 8.
A number of possible explanations were offered
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to account for the discrepancies between these results and those with males (Silberstein & Parsons, 1980) . However, before attempting to test such explanations, the more urgent need was to determine whether the findings were replicable. The aims of the present study were to investigate more closely the relationship between alcoholism and cognitive functioning in women by (a) attempting to replicate results of the earlier research; (b) extending the investigation by modifying two of the measures first used, and (c) examining results of both studies with multivariate statistics, including discriminant function analyses.
Method

Subjects
Both studies had 25 female alcoholics and 25 nonalcoholics recruited from the same sources. The alcoholics were contacted while they were residents in four alcoholism treatment programs in the Oklahoma City area, and the nonalcoholics were reached through church, social, or employee groups. All subjects were volunteers who were paid $30 for completing the tests. Informed consent was obtained prior to testing.
Selection of subjects was made so that the four groups were equated on age, years of schooling, and Shipley Vocabulary score (an estimate of prealcoholism general intelligence). The two alcoholic samples were equivalent with respect to alcohol use, drinking practices, and duration of heavy drinking. All the alcoholics were classified as heavy drinkers, whereas the controls were at or below the moderate level, according to the Jes-sor criteria (Jessor, Graves, Hanson, & Jessor, 1968) . As in the first study, the alcoholics in this study reported a high average daily consumption of ethanol (263 g) and a high level of problems associated with drinking (General Alcoholism Scale, 69th percentile; Wanberg, Horn, & Foster, 1977) . They had been alcoholics for an average of 6 to 7 years, which is somewhat shorter than the average reported for most male samples (Parsons & Farr, 1980) . Testing occurred no sooner than 10 days and an average of 1 month since last drink.
Tests and Procedure
With two exceptions, all tests were those used most often in male studies and were administered and scored under the same conditions as in the original study. (See Silberstein & Parsons, 1980 , for a complete description). On the basis of their responses to screening questionnaires, participants were selected who were in good health, that is, who had no history of serious head injury, diabetes, depression, or other medical condition (except for alcoholism) that would adversely affect test performance. There were 12 neuropsychological tests, which yielded three types of variables: Set 1, mostly verbal scales on which no alcoholism effect was expected; Set 2, perceptual-motor tasks on which male alcoholics have shown inconsistent performance; and Set 3, nonverbal, abstracting, visual-spatial, and problem-solving scales on which alcoholics were expected to perform worse than controls. The scales were as follows: Set 1, Wechsler Adult Intelligence Scale (WAIS) Comprehension, Similarities, Digit Span, and Picture Completion and Tactual Performance (TPT) Memory; Set 2, Bender Gestalt Errors (standard and background interference procedures; Canter, 1976) , and the Memory-for-Designs Test; Set 3, Shipley Institute of Living Scale Abstracting and Conceptual Quotient, WAIS Digit Symbol and Block Design; Halstead Category Test, TPT Time and Location, Trail Making A and B, Raven's Progressive Matrices I and II, and Wisconsin Card Sort Test Errors and Perseverative Errors. For this study, the standard TPT was replaced by a nonverbal version that substitutes irregular wooden shapes for the standard, easily verbally coded, familiar shapes (circle, square, etc) that blindfolded subjects place on a formboard (Jenkins & Parsons, 1979) . Also, the original Card Sort deck (Grant & Berg, 1948 ) was reduced to eliminate ambiguity, and the test was administered according to procedures described by Jenkins and Parsons (1978) . The modifications were made after the standard versions failed to detect alcoholism effects in Study 1.
Results
For all analyses, effects of age and vocabulary first were controlled by means of the appropriate covariance analyses.
The first major analyses conducted were group comparisons on the neuropsychological variables in Sets 1, 2, and 3. Hotelling's T 2 , a multivariate test of overall effects, was calculated for each set; in Study 1, T 2 was significant at the .05 level for Sets 2 (T 2 = 8.01) and 3 (T 2 = 33.09), whereas in Study 2 significant differences appeared only in Set 3 (T 2 = 42.14). Since the Set 2 perceptualmotor measures were susceptible to possible rater unreliability, the Study 1 protocols were rescored by the Study 2 raters. After rescoring, neither Study 1 nor Study 2 Set 2 measures discriminated between alcoholics and controls.
Set 3 Variables
In Study 1, 8 of 13 tests expected to show alcohol effects produced significant group differences, whereas in Study 2, 9 of 13 achieved significance (see Table 1 ). Both test modifications in Study 2 led to improved differentiation; the standard TPT and Card Sort had detected no alcohol effect in Study 1, whereas the modified versions showed group differences in Study 2. On the remaining measures, results of Study 2 resembled those of Study 1 except that Digit Symbol discriminated the groups only in Study 1 and Category Errors was significant only in Study 2. These shifts serve to emphasize the importance of replication studies.
To investigate further the ability of the measures to separate alcoholic and control performances, discriminant function analyses were conducted on the Set 3 variables, the only set for which the T 2 was significant in both studies. The Study 1 discriminant function based on the nine variables common to both studies (excluding the TPT and Card Sort) achieved a 76% correct classification rate. Applying these weights to Study 2 resulted in a 70% correct identification, which is significantly greater than chance.
Discussion
The results of these studies give rise to two major conclusions. First, there seems to be little doubt that compared with nonalcoholic controls, detoxified female alcoholics have poorer performance on certain neuropsychological tests. Second, the pattern of impaired and intact abilities shown by female alcoholics is very similar to that reported for males: no deficits on verbal tests combined with impairment on measures of nonverbal abstracting, problem solving, and visual-spatial abilities. To assess if this poorer performance by the women alcoholics was in the brain-damaged range, we calculated a modified impairment index based on the Halstead-Reitan test scores (Reitan & Davison, 1974) . The indices for the controls in Study 1 and 2 were remarkably similar, at .27 and .28, clearly in the nonimpaired range according to Reitan scores (Reitan & Davidson, 1974) . The indices for the alcoholics, .41 and .53, indicate performance of "borderline impairment." The finding of mild impairment was notably consistent across studies and across measures. An impressive consistency of findings also occurred when the discriminant function weights from Study 1 were applied to data from Study 2. The shrinkage was only from 76% correct classification in Study 1 to 70% in Study 2. Separate stepwise discriminant function analyses conducted for each study also gave some notion as to stability of differences in the groups. Both times, Block Design was the best predictor and four of the five remaining tests were the same in both studies. Interestingly, Block Design was also the best predictor in the only comparable discriminant function analysis of male alcoholic performances (O'Leary, Donovan, Chaney, Walker, & Schaie, 1979) .
The combined results of Study 1 and 2 reveal no dramatic qualitative differences between the deficit patterns of male and female alcoholics. However, it may be argued that at least some of the deficits shown by the females were less severe, since, for example, the more sensitive versions of the TPT and Card Sort were required to detect alcoholism effects, whereas only the standard measures have been needed with male samples (Parsons & Farr, 1980; Jenkins & Parsons, 1978) . It should be noted that more stringent subject selection criteria were employed here and that the alcoholics averaged fewer years of alcoholism than in most studies. More direct comparisons of comparable male and female alcoholics are needed, as are studies with more typical alcoholic women who may suffer from depression, drug addiction, or other afflictions that complicate investigations of "pure" alcoholism.
